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(57) ABSTRACT 

A method of prompting a patient includes informing a 
patient a relationship betWeen a result of an activity being 
performed by the patient and a ?rst target result to be 
achieved by the activity. A method of prompting a patient 
includes informing a patient a relationship betWeen a time 
and a target result to be achieved by an activity. A method 
of prompting a patient includes informing a patient a rela 
tionship betWeen a position of a portion of the patient and a 
?rst target position for the portion. 
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PATIENT VISUAL INSTRUCTION TECHNIQUES 
FOR SYNCHRONIZING BREATHING WITH A 

MEDICAL PROCEDURE 

RELATED APPLICATION DATA 

[0001] This application is related to US. patent applica 
tion Ser. No. , entitled, “Patient Multimedia Dis 
play”, ?led concurrently herewith, and is a continuation-in 
part of US. patent application Ser. No. 09/893,122, ?led 
Jun. 26, 2001, the entire disclosure of Which is expressly 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to systems and 
methods for prompting patient, and more speci?cally, to 
systems and methods for prompting patient to control patient 
movement. 

[0004] 2. Background of the Invention 

[0005] Computed tomography is an imaging technique 
that has been Widely used in the medical ?eld. In a procedure 
for computed tomography, an x-ray source and a detector 
apparatus are positioned on opposite sides of a portion of a 
patient under examination. The x-ray source generates and 
directs a x-ray beam toWards the patient, While the detector 
apparatus measures the x-ray absorption at a plurality of 
transmission paths de?ned by the x-ray beam during the 
process. The detector apparatus produces a voltage propor 
tional to the intensity of incident x-rays, and the voltage is 
read and digitiZed for subsequent processing in a computer. 
By taking a plurality of readings from multiple angles 
around the patient, relatively massive amounts of data are 
thus accumulated. The accumulated data are then analyZed 
and processed for reconstruction of a matrix (visual or 
otherWise), Which constitutes a depiction of a density func 
tion of a volume of the bodily region being examined. By 
considering one or more sections in the volume, a skilled 
diagnostician can often diagnose various bodily ailments 
such as tumors, blood clots, etc. 

[0006] Computed tomography has found its principal 
application to examination of bodily structures or the like 
Which are in a relatively stationary condition. HoWever, 
currently available computed tomographic apparatus may 
not be able to generate tomographic images With suf?cient 
quality or accuracy due to physiological movement of a 
patient. For example, beating of a human heart and breathing 
have been knoWn to cause degradation of quality in CT 
images. US. Pat. No. 3,952,201 issued to Houns?eld, 
describes a system that compensates for a blurring of a 
radiograph due to heart motions by collecting image data of 
a patient at different angles While monitoring the patient’s 
heart. The image data and the heart motion data are then 
correlated in a computer, and image data that Was obtained 
When the heart’s motion exceeded a threshold level is 
rejected. HoWever, such method does not generate desirable 
CT images for a portion of a cardiac cycle When the heart’s 
motion exceeds the threshold level. 

[0007] Degradation of quality of CT images due to 
patient’s breathing is more dif?cult to address than that 
associated With heart motion. Patients’ breathing poses a 
unique problem to CT imaging that is different from heart 

Jun. 2, 2005 

motion. This is because the pattern and the period of a 
patient’s breathing cycle is generally less consistent When 
compared to those of the patient’s cardiac cycle. As such, 
While a particular phase of a cardiac cycle may be predicted 
With suf?cient accuracy, a particular phase of a breathing 
cycle may not be as easily predicted or determined. 

[0008] Furthermore, there has been an increased desire to 
visualiZe organ motion by vieWing a sequence of CT images 
as a movie sequence. HoWever, collecting a large quantity of 
CT image data suf?cient for forming a video While consid 
ering breathing motion may take a much longer time. This 
may cause a patient Who is con?ned Within a gantry opening 
to feel uncomfortable and subject the patient to excessive 
radiation. 

[0009] To reduce durations of CT image acquisition pro 
cedures, patient prompting techniques have been used to 
control patients’ breathing during CT procedures. Such 
techniques involve sending an audio signal to instruct a 
patient to inhale, exhale, or hold breath. HoWever, successful 
implementation of such techniques requires the audio signal 
be provided to the patient in a timely manner. If the signal 
is provided too early, the patient may perform a required 
physiological movement earlier than expected. On the other 
hand, if the signal is provided too late, the patient may not 
be able to perform the required physiological movement in 
time to meet the procedure’s requirement. Also, different 
patients may have different reaction times—i.e., some 
patients may react faster in response to the audio signal, 
While others may react sloWer in response to the audio 
signal. As such, existing techniques for prompting a patient 
are difficult to implement, and may not provide satisfactory 
results due to different patients’ reaction time. 

[0010] For the foregoing, it Would be desirable to have an 
improved method and system for prompting a patient in a 
medical procedure. 

SUMMARY OF THE INVENTION 

[0011] In accordance With some embodiments of the 
invention, a method of prompting a patient includes inform 
ing a patient a relationship betWeen a result of an activity 
being performed by the patient, and a ?rst target result to be 
achieved by the activity. 

[0012] In accordance With other embodiments of the 
invention, a computer program product that includes a 
medium is provided. The medium includes a set of instruc 
tions, an execution of Which causes a process to be per 
formed, the process comprising informing a patient a rela 
tionship betWeen a result of an activity being performed by 
the patient, and a ?rst target result to be achieved by the 
activity. 
[0013] In accordance With other embodiments of the 
invention, a system for prompting a patient includes means 
for informing a patient a relationship betWeen a result of an 
activity being performed by the patient, and a ?rst target 
result to be achieved by the activity. 

[0014] In accordance With other embodiments of the 
invention, a user interface for prompting a patient includes 
a screen displaying graphics for informing a patient a 
relationship betWeen a result of an activity being performed 
by the patient, and a ?rst target result to be achieved by the 
activity. 
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[0015] In accordance With other embodiments of the 
invention, a method of prompting a patient includes inform 
ing a patient a relationship betWeen a time and a target result 
to be achieved by an activity. 

[0016] In accordance With other embodiments of the 
invention, a computer program product that includes a 
medium is provided. The medium includes a set of instruc 
tions, an execution of Which causes a process to be per 
formed, the process comprising informing a patient a rela 
tionship betWeen a time and a target result to be achieved by 
an activity. 

[0017] In accordance With other embodiments of the 
invention, a system for prompting a patient includes means 
for informing a patient a relationship betWeen a time and a 
target result to be achieved by an activity. 

[0018] In accordance With other embodiments of the 
invention, a user interface for prompting a patient includes 
a screen displaying graphics for informing a patient a 
relationship betWeen a time and a target result to be achieved 
by an activity. 

[0019] In accordance With other embodiments of the 
invention, a method of prompting a patient includes inform 
ing a patient a relationship betWeen a position of a portion 
of the patient and a ?rst target position for the portion. 

[0020] In accordance With other embodiments of the 
invention, a computer program product that includes a 
medium is provided. The medium includes a set of instruc 
tions, an execution of Which causes a process to be per 
formed, the process comprising informing a patient a rela 
tionship betWeen a position of a portion of the patient and a 
?rst target position for the portion. 

[0021] In accordance With other embodiments of the 
invention, a system for prompting a patient includes means 
for informing a patient a relationship betWeen a position of 
a portion of the patient and a ?rst target position for the 
portion. 
[0022] In accordance With other embodiments of the 
invention, a user interface for prompting a patient includes 
a screen displaying graphics for informing a patient a 
relationship betWeen a position of a portion of the patient 
and a ?rst target position for the portion. 

[0023] Other aspects and features of the invention Will be 
evident from reading the folloWing detailed description of 
the preferred embodiments, Which are intended to illustrate, 
not limit, the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The draWings illustrate the design and utility of 
preferred embodiments of the present invention, in Which 
similar elements are referred to by common reference 
numerals. In order to better appreciate hoW advantages and 
objects of the present invention are obtained, a more par 
ticular description of the present invention brie?y described 
above Will be rendered by reference to speci?c embodiments 
thereof, Which are illustrated in the accompanying draWings. 
Understanding that these draWings depict only typical 
embodiments of the invention and are not therefore to be 
considered limiting of its scope, the invention Will be 
described and explained With additional speci?city and 
detail through the use of the accompanying draWings in 
Which: 
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[0025] FIG. 1 illustrates a computed tomography system 
in Which embodiments of the invention can be implemented; 

[0026] FIG. 2A-2C illustrates examples of breathing 
Waveforms relative to gantry rotational angles; 

[0027] FIG. 3A-3C illustrate a user interface in accor 
dance With some embodiments of the invention; 

[0028] FIG. 4 illustrates a user interface having a curvi 
linear bar in accordance With other embodiments of the 
invention; 
[0029] FIG. 5 illustrates a user interface in accordance 
With other embodiments of the invention, shoWing the 
interface displaying graphics that represent prescribed 
inhale and exhale levels of a breathing; 

[0030] FIG. 6 illustrates a user interface in accordance 
With other embodiments of the invention, shoWing the 
interface displaying a curve that represents a target breathing 
motion; 
[0031] FIG. 7 illustrates a user interface in accordance 
With other embodiments of the invention; and 

[0032] FIG. 8 is a block diagram that illustrates an 
embodiment of a computer system upon Which embodi 
ments of the invention may be implemented. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0033] Various embodiments of the present invention are 
described hereinafter With reference to the ?gures. It should 
be noted that the ?gures are not draWn to scale and elements 
of similar structures or functions are represented by like 
reference numerals throughout the ?gures. It should also be 
noted that the ?gures are only intended to facilitate the 
description of speci?c embodiments of the invention. They 
are not intended as an exhaustive description of the inven 
tion or as a limitation on the scope of the invention. Also, an 
aspect described in conjunction With a particular embodi 
ment of the present invention is not necessarily limited to 
that embodiment and can be practiced in any other embodi 
ments of the present invention. In addition, a means for 
performing a function may be used to perform another 
function, and a function may be performed by one or more 
means. 

[0034] Computed Tomography Image Acquisition System 

[0035] Referring noW to the draWings, in Which similar or 
corresponding parts are identi?ed With the same reference 
numeral, FIG. 1 illustrates a computed tomography image 
acquisition system 10, in Which embodiments of the present 
invention can be employed. The system 10 includes a gantry 
12 having an opening (or bore) 13, a patient support 14 for 
supporting a patient 16, and a control system 18 for con 
trolling an operation of the gantry 12. In other embodiments, 
instead of the ring con?guration shoWn, the gantry 12 can 
have other con?gurations. For example, the gantry 12 can 
have a C-arm con?guration, such as that used in the cone 
beam CT machines manufactured by Varian Medical Sys 
tems, Inc., in Palo Alto, Calif. The system 10 also includes 
an x-ray source 20 that projects a beam (Which can be a cone 
beam, a fan beam, or the like) of x-rays toWards a detector 
24 on an opposite side of the gantry 12 While the patient 16 
is positioned at least partially betWeen the x-ray source 20 
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and the detector 24. The detector 24 has a plurality of sensor 
elements con?gured for sensing a X-ray that passes through 
the patient 16. Each sensor element generates an electrical 
signal representative of an intensity of the X-ray beam as it 
passes through the patient 16. 

[0036] In the illustrated embodiment, the control system 
18 includes a processor 54, such as a computer processor, 
coupled to a gantry rotation control 40 and a patient prompt 
ing device 100. The control system 18 may also include a 
monitor 56 for displaying data and an input device 58, such 
as a keyboard or a mouse, for inputting data. During a scan 
to acquire X-ray projection data (i.e., CT image data), the 
gantry 12 rotates about the patient 16. The rotation of the 
gantry 12 and the operation of the X-ray source 20 are 
controlled by the gantry rotation control 40, Which provides 
poWer and timing signals to the X-ray source 20 and controls 
a rotational speed and position of the gantry 12 based on 
signals received from the processor 54. Although the control 
40 is shoWn as a separate component from the gantry 12 and 
the processor 54, in alternative embodiments, the control 40 
can be a part of the gantry 12 or the processor 54. The 
processor 54 is con?gured to send prompting signals to the 
patient prompting device 100 in a prescribed manner (e.g., 
in synchroniZation With a rotation of the gantry 12). 

[0037] The patient prompting device 100 is con?gured to 
provide visual signals to the patient 16 during a procedure, 
thereby instructing the patient 16 to perform certain task(s). 
The patient prompting device 100 includes a screen 101, an 
image source 104, and a structure 106 to Which the screen 
101 and the image source 104 are coupled. The structure 106 
has a loW pro?le, thereby alloWing the screen 101 be placed 
Within the opening 13 of the gantry. The screen 101 is 
preferably made from a non-metallic material and does not 
include circuitry for preventing interference With a radiation 
?eld. In the illustrated embodiments, the screen 101 has a 
mirror surface, and the image source 104 includes a ?at 
panel screen (or a monitor screen). During use, the image 
source 104 receives image data from the processor 54 and 
displays graphics in response thereto. The graphics is 
re?ected by the mirror surface, and the patient 16 can see the 
re?ected graphics by looking toWards the mirror surface 
102. In other embodiments, the screen 101 can include a 
non-mirror (e.g., a non-re?ective) surface. In such cases, 
instead of the image source 104 being a ?at panel or a 
screen, the image source 104 includes an image projector 
that projects image onto the surface. Also, in other embodi 
ments, the image source 104 can include ?ber optics for 
transmitting image signals to a vieWing surface. In such 
case, the screen 101 can be a component of a glasses or 
goggles, With the vieWing surface being an inside face of the 
glasses or goggles. Other types of image source can also be 
used in alternative embodiments. For eXample, in further 
embodiments, the screen 101 can itself be a LCD screen (an 
image source) provided that its electronics do not signi? 
cantly interfere With a radiation ?eld. In such cases, the 
patient prompting device 100 does not include the image 
source 104. The above described embodiments of the patient 
prompting device 100 has been described in US. patent 
application Ser. No. entitled, “Patient Multimedia 
Display”, ?led concurrently With this application. Other 
display mechanism can also be used as long as it provides a 
vieWing surface from Which the patient 16 can receive image 
signals. In the illustrated embodiments, the image/graphics 
as shoWn in the screen 101 provides visual signal to control 
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the patient’s breathing (e.g., by instructing the patient 16 to 
hold breath, to inhale, and/or to exhale) While the gantry 12 
rotates around the patient 16 to collect image data, thereby 
ensuring that CT image data that correspond to a prescribed 
phase of a breathing cycle are obtained. HoWever, in other 
embodiments, the image/graphics as shoWn in the screen 
101 can be con?gured to instruct the patient 16 to perform 
other task(s). 
[0038] The system 10 also includes a position monitoring 
system 200 for monitoring a position of a portion of the 
patient 16, and producing a position signal in response 
thereto. The position signal is transmitted to the processor 
54, Which causes the image source 104 to generate a visual 
indicator representing a position of the patient portion. In the 
illustrated embodiments, the position monitoring system 200 
includes a marker block 202 placed on the patient 16, and an 
optical device 204 coupled to the processor 54. The optical 
device 204 may be a camera or other imaging devices, and 
is con?gured to sense an image of the marker block 202. The 
marker block 202 preferably comprises a re?ective or retro 
re?ective material that can re?ect light, Whether in the 
visible or invisible Wavelengths. The marker block 202 has 
a rectangular shape With multiple retro-re?ective elements 
203 located on its surface. Alternatively, the marker block 
202 can have a different shape, such as a hemispherical 
shape, or a disk shape, as long as the siZe, spacing, and 
position of the reference locations are con?gured such that 
the optical device 204 can vieW and generate an image that 
accurately shoWs the positioning of the marker block 202. 

[0039] When using the position monitoring system 200, 
one or more marker block 202 is placed on or secured to the 
patient 16, and the optical device 204 is used to sense the 
marker block(s) 202. The optical device 204 produces a set 
of image coordinates for the marker elements on the marker 
block(s) 202. The position and distance of the marker 
elements located on the marker block(s) 202 is knoWn 
relative to other marker elements on the same respective 
marker block(s) 202. By comparing the position and dis 
tance betWeen the marker elements on a recorded image 
frame With a reference position and image stored for the 
position monitoring system 200, the absolute position and 
orientation of the marker block(s) 202 can be determined 
With a high degree of accuracy. This, in turn, provides an 
accurate position and orientation estimation for the patient 
position or the patient body position upon Which the marker 
block(s) 202 is attached. Such and similar physiological 
gating systems have been described in Us. Pat. No. 6,621, 
889, and US. patent application Ser. No. 09/893,122, ?led 
Jun. 26, 2001, the entire disclosures of Which are expressly 
incorporated by reference herein. 

[0040] It should be noted that other types of patient 
position monitoring system can also be used. For eXample, 
in alternative embodiments, instead of using an optical 
system, another device, such as a spirometer, strain-gauge, a 
laser sensor, a pressure sensor, or any of other devices 
knoWn in the art of position or activity state monitoring, can 
be used to sense and/or measure a patient movement or an 

activity state during a procedure. 

[0041] Patient Prompting Interface 

[0042] During a CT image acquisition procedure, as the 
radiation source 20 is rotated about the patient 16 to generate 
CT image data at a plurality of gantry rotational angles, the 
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patient prompting system 100 is used to guide the patient 16 
to control his/her breathing such that one or more breathing 
state of the patient 16 can be synchronized With the rotation 
of the gantry 12, thereby allowing desired image quality to 
be obtained at prescribed gantry angles. Particularly, the 
processor 54 is con?gured (e.g., programmed) to cause the 
image source 104 to provide visual signals for prompting the 
patient 16 during a procedure based on signals/data received 
from the optical device 204 and a rotational position of the 
gantry 12 (or the radiation source 20). 

[0043] FIGS. 2A-2C illustrate eXamples of the patient’s 
breathing Waveforms as the gantry 12 rotates around the 
patient’s 16 to collect image data. As the gantry 12 rotates 
360° around the patient 16 in a ?rst direction during a ?rst 
rotation, the patient 16 undergoes a plurality of breathing 
cycles (the amplitude of Which is represented by curve 360). 
When the patient’s inhale level satis?es a prescribed criteria 
(e.g., lies betWeen a minimum prescribed inhale level and a 
maXimum prescribed inhale level, represented by lines 350, 
352, respectively), the processor 54 then causes the radiation 
source 20 to activate to deliver a radiation beam and 
generate CT image data. Similarly, When the patient’s inhale 
level falls outside the boundaries 350, 352, the processor 54 
then causes the radiation source 20 to deactivate and cease 
generating CT image data. Alternatively, the radiation 
source 20 can continue to transmit radiation at a plurality of 
gantry rotational angles even When the patient’s inhale level 
falls outside the prescribed range. In such cases, the pro 
cessor 54 maintains a record of the CT image data that are 
collected, and chooses only desired CT image data (e.g., CT 
image data that correspond to a desired breathing level) for 
reconstruction of tomography image(s). 

[0044] As shoWn in FIG. 2A, during a ?rst gantry rotation, 
CT image data are collected at gantry angles that are 
betWeen 50°-120°, 210°-275°, and 325-360° (represented by 
clear portions 372a, 372b, 372c, respectively, of a bar 370), 
With CT image data desired to be collected at remaining 
gantry angles represented by hatched portions 374a, 374b, 
374c of the bar 370. 

[0045] During a neXt gantry rotation, the gantry 12 rotates 
(e. g., in an opposite direction), and additional CT image data 
are collected at gantry angles that correspond to the patient’s 
inhale level satisfying the prescribed criteria (e.g., inhale 
level lying betWeen prescribed levels 350, 352). As shoWn in 
FIG. 2B, during the second gantry rotation, With the aid of 
the patient prompting device 100, the patient 16 attempts to 
cause additional CT image data be collected by trying to 
match his/her breathing With the portions 374a-374c. As a 
result, additional CT image data are collected at gantry 
angles at Which image data (or desirable image data) Were 
not previously obtained in the ?rst gantry rotation. In the 
illustrated eXample, CT image data are collected at gantry 
angles that are betWeen 0°-50°, 140°-210°, and 260°-330°, 
corresponding to portions 376a, 376b, 376c shoWn in the 
graph, With CT image data desired to be collected at 
remaining gantry angles that are represented by hatched 
portions 378a, 378b, 378C. 

[0046] In some embodiments, it may be desirable to have 
CT image data collected from one gantry rotation overlap 
CT image data collected from another gantry rotation. For 
eXample, although image data have been collected betWeen 
gantry rotational angles 210°-275° (corresponding to portion 
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372b) during the ?rst gantry rotation, and image data have 
been collected betWeen gantry rotational angles 140°-210° 
(corresponding to portion 376b) during the second gantry 
rotation, it may be desirable to have additional image data 
collected at or adjacent the seam betWeen the tWo portions 
372b, 376b. As such, in the illustrated example, hatched 
portion 378a is shoWn to correspond to a portion of a gantry 
rotation at Which overlapping image data are desired. Simi 
lar is true for portion 378a and part of portion 378b. In 
alternative embodiments, CT image data collected from one 
gantry rotation is not required to overlap CT image data 
collected from another gantry rotation. 

[0047] During a neXt gantry rotation, the gantry 12 rotates 
(e.g., in an opposite direction from that of the last rotation), 
and additional CT image data are collected at gantry angles 
that correspond to the patient’s inhale level satisfying the 
prescribed criteria. As shoWn in FIG. 2C, during the third 
gantry rotation, With the aid of the patient prompting device 
100, the patient 16 attempts to cause additional CT image 
data be collected by trying to match his/her breathing With 
the portions 378a-378c. As a result, additional CT image 
data are collected at gantry angles at Which image data (or 
desirable image data) Were not obtained in the ?rst and the 
second gantry rotations. In the illustrated example, CT 
image data are collected at portions 380a, 380b, 380C of the 
gantry rotation. When all desired image data have been 
collected, the CT image data acquisition procedure is then 
terminated. Although the CT image data acquisition proce 
dure has been described With reference to the gantry 12 
making three gantry rotations in the illustrated eXample, it 
should be understood that a CT image data acquisition 
procedure may require more or less than three gantry 
rotations. 

[0048] As mentioned previously, the patient prompting 
device 100 assists or guides the patient 16 in controlling 
his/her breathing during a CT image data acquisition pro 
cedure. FIG. 3A-3C illustrate a user interface 300 for 
prompting the patient 16 in accordance With some embodi 
ments of the invention. The user interface 300 includes a ?rst 
indicator (displayed object) 302 for indicating a state/result 
of a patient activity, and a second indicator (displayed 
object) 304 for indicating a target state/target result of the 
patient activity. The ?rst and the second indicators 302, 304 
are displayed in the screen 101 of the patient prompting 
device 100. The ?rst indicator 302 includes a bar, the 
position of Which relative to the screen 101 represents a 
breathing level of the patient 16. In the illustrated embodi 
ments, the optical device 204 generates an image of the 
marker block 202, and transmits image signals to the pro 
cessor 54. The processor 54 analyZes the image signals to 
determine the position and/or orientation of the marker 
block 202, and output a signal to cause the image source 104 
to display the ?rst indicator 302 at a position in the screen 
101 that is indicative of, or associated With, the determined 
position and/or orientation of the marker block 202. As such, 
as the patient 16 breaths, the marker block 202 moves in 
response to the patient’s breathing, and the processor 54 in 
turn causes the ?rst indicator 302 to move in correspondence 
With the patient’s breathing. In the illustrated embodiments, 
When the patient 16 inhales, the ?rst indicator 302 moves in 
a ?rst direction 312, and When the patient 16 eXhales, the 
?rst indicator 302 moves in a second direction 314. 
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[0049] As shown in FIG. 3A, the second indicator 304 
includes a bar 306 having a ?rst line 308, and a second line 
310. The ?rst line 308 represents a prescribed minimum 
inhale level of a breathing, and the second line 310 repre 
sents a prescribed maximum inhale level of a breathing. The 
bar 306 also has a length 318, Which represents at least a 
portion of a range of gantry angles at Which CT image data 
is desired to be collected. In some embodiments, the length 
of the bar 306 represents an entire range of gantry angles at 
Which CT image data are desired to be collected. Alterna 
tively, the bar 306 as displayed in the screen 101 represents 
different portion(s) of an entire range of gantry angles at 
Which CT image data are desired to be collected as the bar 
306 moves across the screen 101. During use, the processor 
54 receives an instantaneous gantry angle read-out, and 
generate the bar 306 (or at least portion(s) thereof) based on 
the instantaneous gantry angle. The bar 306 moves in a 
direction indicated by arroW 311, and in synchroniZation 
With a rotation of the gantry 12 (or the radiation source 20). 
The patient 16 is instructed (either before or during a 
radiation procedure) to move the ?rst indicator 302 in 
betWeen the ?rst and the second lines 308, 310 by inhaling, 
and keep the ?rst indicator 302 in betWeen the ?rst and the 
second lines 308, 310 by breath-holding. 
[0050] When the ?rst indicator 302 has been positioned by 
the patient 16 in betWeen the ?rst and the second lines 308, 
310, the processor 54 sends a “ON” signal to activate the 
radiation source 20, thereby creating CT image data. The 
radiation source 20 is activated at a plurality of gantry 
rotational angles as the gantry 12 is rotated about the patient 
16 as long as the ?rst indicator 302 is betWeen the ?rst and 
the second lines 308, 310 (representing a desired breathing 
state for collecting CT image data). When the patient 16 no 
longer holds his/her breath Within the prescribed range 
inhale levels, the patient 16 Will exhale, causing the ?rst 
indicator 302 to move out of the prescribed range of inhale 
levels. In such cases, the processor 54 sends a “OFF” signal 
to deactivate the radiation source 20 to cease transmitting 
radiation. Such feature is advantageous because it minimiZes 
an amount of radiation delivered to the patient 16. HoWever, 
in alternative embodiments, the radiation source 20 can 
continue to transmit radiation at a plurality of gantry rota 
tional angles even When the ?rst indicator 302 has moved 
out of the prescribed range of inhale levels. In such cases, 
the processor 54 maintains a record of the CT image data 
that are collected, and chooses only the desired image data 
(e.g., image data that correspond to desired breathing level) 
for reconstruction of tomography image(s). 
[0051] As FIG. 3B shoWs, after the patient 16 has moved 
the ?rst indicator 302 in betWeen the ?rst and the second 
lines 308, 310, a portion 320 of the bar 306 Where the ?rst 
indicator 302 intercepts the bar 306 changes color (or 
appears to be removed if the changed color is similar to a 
background color). The portion 320 represents part of the 
prescribed range of gantry angles at Which CT image data 
has been collected, While a remaining portion(s) 322 of the 
bar 306 represents the part(s) of the prescribed range of 
gantry angles at Which CT image data are still desired to be 
collected. Since the bar 306 is moving in the direction 311 
in synchroniZation With the gantry 12 rotation, more portion 
of the bar 306 Will change color (or the portion 320 Will 
groW) as long as the patient 16 controls his/her breathing to 
maintain the ?rst indicator 302 betWeen the ?rst and the 
second lines 308, 310. 
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[0052] When the patient 16 exhales, the ?rst indicator 302 
moves out of the location betWeen the ?rst and the second 
lines 308, 310 in response thereto, and the bar 306 ceases 
changing. HoWever, the bar 306 continues to move in the 
direction 311 in correspondence With a rotation of the gantry 
12. The patient 16 can repeat the step of inhaling to move the 
?rst indicator 302 betWeen the ?rst and the second lines 308, 
310 again to cause another portion of the bar 306 to change 
color (or to be removed)—thereby causing CT image data to 
be collected at additional gantry rotational angles. For 
example, during a CT image acquisition procedure, the 
patient 16 can inhale and exhale for a plurality of times, 
resulting in a plurality of portions 320a, 320b of the bar 306 
changing color (or being removed), With the remaining 
portions 322a, 322b of the bar 306 representing the parts of 
the prescribed range of gantry angles at Which CT image 
data are still desired to be collected (FIG. 3C). In some 
embodiments, the processor 54 is con?gured to make adjust 
ment to the bar 306 such that additional (or overlapping) CT 
image data can be collected (e.g., at a range of gantry angles 
that are adjacent to that represented by the interface betWeen 
the portion 322a and the portion 320b). For example, the 
processor 54 can be con?gured to change at least a part of 
a removed portion 320 back to a hatched portion 322. 

[0053] In the illustrated embodiments, the uncovered gan 
try angle intervals resulting from the patient’s breathing 
being non-compliance de?nes the con?guration of the bar 
306 (e.g., spacing and length of the remaining portions (or 
indicator boxes) 322) for the next gantry rotation. As 
remaining portion(s) of the bar 306 approach the ?rst 
indicator 302 a second time (corresponding to a second 
gantry rotation), the patient 16 can repeat the breathing 
step(s) in an attempt to cause additional CT image data be 
collected at remaining gantry angles at Which CT image data 
Were not previously collected. The gantry 12 continues to 
make additional rotation, and the user interface 300 contin 
ues to display remaining portions of the bar 306 (e.g., based 
on an instantaneous gantry angle read-out), until the patient 
16 has caused the entire bar 306 to change color (or the 
entire bar 306 to be removed), representing the condition 
that CT image data at all prescribed gantry rotational angles 
have been collected. 

[0054] Providing the ?rst indicator 302 is advantageous 
because it informs the patient 16 a relationship betWeen a 
result of an activity being performed by the patient, and a 
?rst target result desired to be achieved by the activity, 
thereby alloWing the patient 16 to gauge himself/herself 
While performing the activity. For example, the patient 16 
can breath harder or less based on a position of the ?rst 
indicator 302 as observed by the patient 16. In addition, 
providing the second indicator 304 is also advantageous 
because it informs the patient 16 a relationship betWeen a 
time and a target result desired to be achieved by an activity, 
thereby alloWing the patient 16 to decide When to perform a 
certain task based on his/her oWn aWareness of a target result 
desired to be accomplished. The combination of these tWo 
features alloWs a patient to control his/her breathing such 
that CT image data at prescribed range(s) of gantry angles 
can be collected ef?ciently. 

[0055] It should be noted that the user interface 300 should 
not be limited by the example described previously, and that 
the user interface 300 can have other con?gurations in 
alternative embodiments. FIG. 4 illustrates a variation of the 
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user interface 300. In such cases, instead of having a straight 
pro?le, the bar 306 has a pro?le that resembles a portion of 
a circle. The arc angle of the bar 306 corresponds to a 
prescribed range of gantry angles at Which CT image data 
are desired to be collected. During use, the bar (in the form 
of an arc) rotates about a center 390 in a direction and speed 
that corresponds to a rotation of the gantry 12 (or the 
radiation source 20), and the patient 16 is instructed (either 
before or during a radiation procedure) to move the ?rst 
indicator 302 in the ?rst direction 312 (e.g., by inhaling) 
such that the ?rst indicator 302 intercepts the bar 306, as 
similarly described previously. Initially, the bar 306 has a 
?rst color (represented by hatch in the example). As the 
patient 16 successfully causes the ?rst indicator 302 to 
intercept the bar 306, portion(s) 320 of the bar 306 changes 
color (or is removed), indicating to the patient 16 that the CT 
image data at the corresponding gantry angles have been 
collected. The patient 16 continues to control his/her breath 
ing to cause the ?rst indicator 302 to intercept remaining 
portion(s) 322 as the bar 306 rotates about the center 390 
(either continuously in one direction, or in a back-and-forth 
manner), until CT image data at all prescribed gantry angles 
have been collected. In alternative embodiments, instead of 
the bar 306 being an arc, the bar 306 can be a complete 
circle. 

[0056] In the above embodiments, the user interface 300 is 
con?gured to guide the patient’s breathing by prescribing a 
range of inhale levels. In alternative embodiments, the user 
interface 300 can be con?gured to guide the patient’s 
breathing by prescribing a range of exhale levels. In such 
cases, the user interface 300 includes lines that represent a 
minimum exhale level and a maximum exhale level (that are 
similar to the minimum and maximum inhale levels 308, 310 
discussed previously). 

[0057] In further embodiments, the user interface 300 can 
be con?gured to guide a patient’s breathing by prescribing 
both ranges of inhale and exhale levels. FIG. 5 illustrates a 
user interface 400 for prompting a patient in accordance 
With other embodiments of the invention. The user interface 
400 includes a ?rst indicator (displayed object) 402 for 
indicating a state/result of a patient activity, and a plurality 
of indicators (displayed object) 404 representing target 
state/target result of the patient activity. The indicators 402, 
404 are displayed in the screen 101 of the patient prompting 
device 100. The ?rst indicator 402 includes a bar, the 
position of Which relative to the screen 101 represents a 
breathing level of the patient 16. In the illustrated embodi 
ments, the optical device 204 generates an image of the 
marker block 202, and transmits image signals to the pro 
cessor 54. The processor 54 analyZes the image signals to 
determine the position and/or orientation of the marker 
block 202, and output a signal to cause the image source 104 
to display the ?rst indicator 302 at a position in the screen 
101 that is indicative of, or associated With, the determined 
position and/or orientation of the marker block 202. As such, 
as the patient 16 breaths, the marker block 202 moves in 
response to the patient’s breathing, and the processor 54 in 
turn causes the ?rst indicator 302 to move in correspondence 
With the patient’s breathing. 

[0058] As shoWn in FIG. 5, the ?rst target 404a represents 
a prescribed inhale level desired to be accomplished by the 
patient 16. The target 404a has bottom and top sides that 
correspond to a minimum inhale level 420 and a maximum 
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inhale level 422, respectively. Similar is true for the target 
404c. The second target 404b represents a prescribed exhale 
level desired to be accomplished by the patient 16. The 
target 404b has top and bottom sides that correspond to a 
minimum exhale level 424 and a maximum exhale level 426, 
respectively. In some embodiments, the distances (e.g., 
distances, 430, 432) betWeen successive targets 404 can be 
adjusted, depending on a particular need of a procedure. 
Also, in other embodiments, a length of a target can be 
adjusted, e.g., made longer to indicate that a breath-hold is 
desired. In some embodiments, the prescribed inhale level, 
the prescribed exhale level, and the distances 430, 432 are 
user speci?c, and can be determined during a training 
session. Such Will make the patient more comfortable 
because the interface is prescribing a manner of breathing in 
Which the patient is accustomed to performing. 

[0059] During use of the interface 400, the targets 404 
move in a direction indicated by arroW 411, and in synchro 
niZation With a rotation of the gantry 12 (or the radiation 
source 20). The patient 16 is instructed (either before or 
during a radiation procedure) to move the ?rst indicator 402 
to intercept the targets 404, e.g., one after the other, by 
inhaling and exhaling, as the targets 404 moves across the 
screen 101, thereby controlling substantially all phases of 
the patient’s breathing cycle. Such result is particularly 
desirable in the case in Which sets of image data are desired 
to be collected for different prescribed phases of a breathing 
cycle, Which requires patient breathing period to be as 
constant as possible and the phase of the periodic breathing 
motion to be synchroniZed With the gantry angle at any given 
time. In the illustrated embodiments, the processor 54 is 
con?gured to activate the radiation source 20 to generate 
image data When the ?rst indicator 402 intercepts a target 
(one of the targets 404), and deactivate the radiation source 
20 When the ?rst indicator 402 misses a target. In some 
embodiments, a physician can prescribe a number N of 
phases into Which a breathing cycle is divided. In such cases, 
the processor 54 is con?gured to provide appropriate visual 
signals via the patient prompting interface 400, and to 
provide timing signals to the gantry control 40 such that sets 
of image data for each of the N prescribed phases of a 
breathing cycle can be collected. 

[0060] In other embodiments, instead of collecting CT 
image data for each of the N phases of a breathing cycle, CT 
image data are collected only for a desired phase range of a 
breathing cycle. For example, a breathing cycle may be 
divided into N=3 intervals, but CT image data may be 
desired to be collected for only the ?rst 1/3 of a breathing 
cycle. In such cases, the patient prompting interface 400 can 
accordingly be con?gured to provide appropriate visual 
signals to the patient 16 such that the patient 16 can control 
his/her breathing at the right time to enable all desired CT 
image data be collected for the ?rst 1/3 of the breathing cycle. 
Moreover, in some cases, feWer rotations can be used by 
foregoing having data for the entire 360° coverage for the 
phase(s) of interest and instead having data for such phase(s) 
from a sufficient number of angles to produce an image of 
suf?cient quality for the purpose at hand. 

[0061] If CT image data for all prescribed phases of a 
breathing cycle have been collected, then the CT image data 
collection process is terminated, and CT images are recon 
structed using the collected CT image data. The reconstruc 
tion of CT images may be performed using a technique or 
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method known in the art. In one embodiment, the processor 
54 sorts the CT image data according to the phase segment 
of the respiratory cycle at Which it Was acquired, and 
synchroniZes the collected CT image data such that data 
corresponding to a given phase of a respiratory cycle are 
combined to reconstruct an image for that phase. When CT 
images for all phases of a respiratory cycle have been 
reconstructed, the CT images may be displayed in a 
sequence to form a video. 

[0062] It should be noted that the con?guration of the user 
interface 400 is not limited by the examples discussed 
previously, and that the user interface 400 can have other 
con?gurations in alternative embodiments. For example, 
instead of targets 404 that are in the form of a block, in 
alternative embodiments, the user interface 400 can display 
a curve 450 that represents desired breathing Waveforms to 
be accomplished (FIG. 6). In such cases, the curve 450 is 
con?gured to move across the screen 101 in the direction 
411, and the patient 16 is instructed (either before or during 
a radiation procedure) to move the ?rst indicator 402, e.g., 
by inhaling and exhaling, such that the ?rst indicator 402 
stays on the curve 450 as much as possible, as the curve 450 
moves across the screen 101. In the illustrated example, the 
curve 450 has a shape that resembles a sine Wave, but can 
have other shapes, such as a customiZed shape, in other 
embodiments. For example, the shape of the curve 450 can 
be speci?c to each patient and can be obtained in a training 
session. In the illustrated embodiments, the processor 54 
sends a “ON” signal to activate the radiation source 20 to 
emit radiation for generating CT image data When the ?rst 
indicator 402 intercepts the curve 450, and a “OFF” signal 
to deactivate the radiation source 20 When the ?rst indicator 
402 does not intercept the curve 450. In some embodiments, 
after image data at a desired gantry rotational angle have 
been collected for a prescribed phase of a breathing cycle, 
the processor 504 can change a color of (or remove) the 
corresponding portion of the curve 450 to indicate that 
image data have been collected for the corresponding gantry 
angle. The user interface 400 continues to display the curve 
450 across the screen 101, and the patient 16 continues to 
operate the ?rst indicator 402 by breathing, until CT image 
data for all prescribed gantry rotational angles and for all 
prescribed phases of a breathing cycle are collected. 

[0063] FIG. 7 shoWs a variation of the user interface 400, 
Which includes a curve 500 having a ?rst side 502 and a 
second side 506. In such cases, the curve 500 is con?gured 
to move across the screen 101 in the direction 411, and the 
patient 16 is instructed (either before or during a radiation 
procedure) to move the ?rst indicator 402, e.g., by inhaling 
and exhaling, such that the ?rst indicator 402 stays in 
betWeen the ?rst and the second sides 502, 506 as the curve 
500 moves across the screen 101. The sides/boundaries 502, 
506 are separated by a distance 504, Which represents a 
range of prescribed breathing levels at Which image data Will 
be collected. The distance 504 can be uniform along a length 
of the curve 500, or alternatively, can vary along a length of 
the curve 500. In the illustrated example, the curve 500 has 
a shape that resembles a sine Wave, but can have other 
shapes, such as a customiZed shape, in other embodiments. 
In the illustrated embodiments, the processor 54 sends a 
“ON” signal to activate the radiation source 20 to emit 
radiation for generating CT image data When the ?rst 
indicator 402 is Within the boundaries 502, 506 of the curve 
500, and a “OFF” signal to deactivate the radiation source 20 
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When the ?rst indicator 402 is outside the boundaries 502, 
506. In some embodiments, after CT image data at a desired 
gantry rotational angle have been collected for a prescribed 
phase of a breathing cycle, the processor 504 can change a 
color of (or remove) the corresponding portion of the curve 
500 to indicate that image data have been collected. The user 
interface 400 continues to display the curve 500 across the 
screen 101, and the patient 16 continues to operate the ?rst 
indicator 402 by breathing, until CT image data for all 
prescribed gantry rotational angles and for all prescribed 
phases of a breathing cycle are collected. 

[0064] Although several examples of a patient prompting 
interface have been described, it should be noted that the 
scope of the invention should not be so limited. In alterna 
tive embodiments, the user interfaces 300, 400 can have 
other con?gurations for informing a patient a relationship 
betWeen a result of an activity being performed by the 
patient, and a ?rst target result desired to be achieved by the 
activity and/or a relationship betWeen a time and the target 
result desired to be achieved by an activity. For example, in 
alternative embodiments, instead of a bar (e.g., the bar 306), 
the processor 54 can be con?gured to display an object 
having a different form for prompting the patient 16. As used 
in this speci?cation, the term “object” can include any item, 
such as a graph, a text, a number, a message, a symbol, a 
line, a bar, an object having a geometric or customiZed 
shape, etc. In other embodiments, instead of the object being 
displayed, an “object” can be one or more lights emitted by 
an optical device. Also, instead of each indicator being an 
object, in other embodiments, tWo or more indicators can be 
represented by a single object, or alternatively, an indicator 
can be represented by tWo or more objects. In addition, in 
other embodiments, the processor 54 can be con?gured to 
cause CT image data be collected When a patient’s inhale (or 
exhale) level has reached a minimum prescribed level, 
regardless of hoW much the patient’s inhale (or exhale) level 
exceed the minimum prescribed level. In such cases, the user 
interface does not have an indicator for representing a 
maximum inhale (or exhale) level. 

[0065] In further embodiments, the patient prompting 
device 100 can further include a speaker. In such cases, the 
processor 54 can be con?gured to cause the speaker to emit 
audio signal(s) for prompting the patient 16. Also, in any of 
the embodiments described herein, the processor 54 can be 
con?gured to provide a visual signal or an audio signal When 
a desired task has been performed by the patient 16. For 
example, the visual signal can be a score, and the audio 
signal can be a game sound, thereby providing a game 
interface for prompting the patient 16, Which may make the 
image acquisition procedure more fun and engaging for the 
patient 16. 

[0066] Computer System Architecture 

[0067] FIG. 8 is a block diagram that illustrates an 
embodiment of a computer system 800 upon Which an 
embodiment of the invention may be implemented. Com 
puter system 800 includes a bus 802 or other communication 
mechanism for communicating information, and a processor 
804 coupled With the bus 802 for processing information. 
The processor 804 may be an example of the processor 54, 
or alternatively, an example of a component of the processor 
54, of FIG. 1. The computer system 800 also includes a 
main memory 806, such as a random access memory (RAM) 
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or other dynamic storage device, coupled to the bus 802 for 
storing information and instructions to be executed by the 
processor 804. The main memory 806 also may be used for 
storing temporary variables or other intermediate informa 
tion during execution of instructions to be executed by the 
processor 804. The computer system 800 further includes a 
read only memory (ROM) 808 or other static storage device 
coupled to the bus 802 for storing static information and 
instructions for the processor 804. Adata storage device 810, 
such as a magnetic disk or optical disk, is provided and 
coupled to the bus 802 for storing information and instruc 
tions. 

[0068] The computer system 800 may be coupled via the 
bus 802 to a display 87, such as a cathode ray tube (CRT), 
for displaying information to a user. An input device 814, 
including alphanumeric and other keys, is coupled to the bus 
802 for communicating information and command selec 
tions to processor 804. Another type of user input device is 
cursor control 816, such as a mouse, a trackball, or cursor 
direction keys for communicating direction information and 
command selections to processor 804 and for controlling 
cursor movement on display 87. This input device typically 
has tWo degrees of freedom in tWo axes, a ?rst axis (e.g., X) 
and a second axis (e.g., y), that alloWs the device to specify 
positions in a plane. 

[0069] Embodiments of the invention are related to the use 
of computer system 800 for generating visual signals for 
prompting a patient. According to one embodiment of the 
invention, such use is provided by computer system 800 in 
response to processor 804 executing one or more sequences 
of one or more instructions contained in the main memory 
806. Such instructions may be read into the main memory 
806 from another computer-readable medium, such as stor 
age device 810. Execution of the sequences of instructions 
contained in the main memory 806 causes the processor 804 
to perform the process steps described herein. One or more 
processors in a multi-processing arrangement may also be 
employed to execute the sequences of instructions contained 
in the main memory 806. In alternative embodiments, hard 
Wired circuitry may be used in place of or in combination 
With softWare instructions to implement the invention. Thus, 
embodiments of the invention are not limited to any speci?c 
combination of hardWare circuitry and softWare. 

[0070] The term “computer-readable medium” as used 
herein refers to any medium that participates in providing 
instructions to the processor 804 for execution. Such a 
medium may take many forms, including but not limited to, 
non-volatile media, volatile media, and transmission media. 
Non-volatile media includes, for example, optical or mag 
netic disks, such as the storage device 810. Volatile media 
includes dynamic memory, such as the main memory 806. 
Transmission media includes coaxial cables, copper Wire 
and ?ber optics, including the Wires that comprise the bus 
802. Transmission media can also take the form of acoustic 
or light Waves, such as those generated during radio Wave 
and infrared data communications. 

[0071] Common forms of computer-readable media 
include, for example, a ?oppy disk, a ?exible disk, hard disk, 
magnetic tape, or any other magnetic medium, a CD-ROM, 
any other optical medium, punch cards, paper tape, any other 
physical medium With patterns of holes, a RAM, a PROM, 
and EPROM, a FLASH-EPROM, any other memory chip or 
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cartridge, a carrier Wave as described hereinafter, or any 
other medium from Which a computer can read. 

[0072] Various forms of computer-readable media may be 
involved in carrying one or more sequences of one or more 

instructions to the processor 804 for execution. For example, 
the instructions may initially be carried on a magnetic disk 
of a remote computer. The remote computer can load the 
instructions into its dynamic memory and send the instruc 
tions over a telephone line using a modem. A modem local 
to the computer system 800 can receive the data on the 
telephone line and use an infrared transmitter to convert the 
data to an infrared signal. An infrared detector coupled to the 
bus 802 can receive the data carried in the infrared signal 
and place the data on the bus 802. The bus 802 carries the 
data to the main memory 806, from Which the processor 804 
retrieves and executes the instructions. The instructions 
received by the main memory 806 may optionally be stored 
on the storage device 810 either before or after execution by 
the processor 804. 

[0073] The computer system 800 also includes a commu 
nication interface 818 coupled to the bus 802. The commu 
nication interface 818 provides a tWo-Way data communi 
cation coupling to a netWork link 820 that is connected to a 
local netWork 822. For example, the communication inter 
face 818 may be an integrated services digital netWork 
(ISDN) card or a modem to provide a data communication 
connection to a corresponding type of telephone line. As 
another example, the communication interface 818 may be 
a local area netWork (LAN) card to provide a data commu 
nication connection to a compatible LAN. Wireless links 
may also be implemented. In any such implementation, the 
communication interface 818 sends and receives electrical, 
electromagnetic or optical signals that carry data streams 
representing various types of information. 

[0074] The netWork link 820 typically provides data com 
munication through one or more netWorks to other devices. 
For example, the netWork link 820 may provide a connection 
through local netWork 822 to a host computer 824 or to 
medical equipment 826 such as a radiation beam source or 
a sWitch operatively coupled to a radiation beam source. The 
data streams transported over the netWork link 820 can 
comprise electrical, electromagnetic or optical signals. The 
signals through the various netWorks and the signals on the 
netWork link 820 and through the communication interface 
818, Which carry data to and from the computer system 800, 
are exemplary forms of carrier Waves transporting the infor 
mation. The computer system 800 can send messages and 
receive data, including program code, through the net 
Work(s), the netWork link 820, and the communication 
interface 818. 

[0075] Although the embodiments of the systems and 
methods have been described With reference to generating 
CT images While passively controlling a patient’s breathing 
in a synchroniZed manner, it should be understood that the 
systems and methods may also be implemented to control 
other physiological motions in different medical (Which may 
or may not involve a radiation source) or non-medical 
procedures. In addition, although the gantry 12 has been 
described as making a 360° rotation around the patient 16 
during CT image data acquisition, such needs not be the 
case. For example, if a full cone detector is used, the system 
10 may acquire data While the gantry 12 rotates 180° plus the 
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angle of the beam pattern. Other angles of rotation may also 
be used, depending on the particular system being employed 
and the particular need of an application. For example, in 
some procedures, it may be desirable to obtain image data 
(Which may, for eXample, be incomplete for the purpose of 
performing 3D reconstruction) at certain prescribed of gan 
try angle(s). In such cases, the processor 54 can be con?g 
ured to generate visual signals (that correspond to the 
prescribed range(s) of gantry angles) on the screen 101 for 
prompting the patient 16 accordingly. Also, instead of rotat 
ing the gantry 12 in alternating opposite directions in 
successive rotations, in alternative embodiments, the gantry 
12 can be con?gured to rotate in a same direction in 
successive rotations. Furthermore, instead of a CT proce 
dure, the above described user interfaces or similar user 
interfaces can be implemented in a laminar tomography 
procedure, a MRI procedure, a PET procedure, or other 
imaging procedures, in Which a plurality of image data is 
desired to be generated. As such, the gantry 12 should not be 
limited to a rotatable structure as described previously, and 
could have other con?gurations, such as a sliding or trans 
lating con?guration, depending on the particular application 
or procedure. 

[0076] Although particular embodiments of the present 
inventions have been shoWn and described, it Will be under 
stood that it is not intended to limit the present inventions to 
the preferred embodiments, and it Will be obvious to those 
skilled in the art that various changes and modi?cations may 
be made Without departing from the spirit and scope of the 
present inventions. For eXample, the operations performed 
by the processor 54 can be performed by any combination of 
hardWare and softWare Within the scope of the invention, and 
should not be limited to particular embodiments comprising 
a particular de?nition of “processor”. Also, the term “image” 
as used in this speci?cation includes image data that may be 
stored in a circuitry or a computer-readable medium, and 
should not be limited to image data that is displayed visually. 
The speci?cation and draWings are, accordingly, to be 
regarded in an illustrative rather than restrictive sense. The 
present inventions are intended to cover alternatives, modi 
?cations, and equivalents, Which may be included Within the 
spirit and scope of the present inventions as de?ned by the 
claims. 

What is claimed: 
1. A method of prompting a patient, comprising: 

informing a patient of a relationship betWeen a result of an 
activity being performed by the patient and a ?rst target 
result to be achieved by the activity. 

2. The method of claim 1, Wherein the ?rst target result 
comprises a prescribed inhale level of a breathing, a pre 
scribed eXhale level of a breathing, or a prescribed duration 
of a breath-hold. 

3. The method of claim 1, Wherein the activity comprises 
breathing. 

4. The method of claim 1, Wherein the informing com 
prises displaying an object in a screen. 

5. The method of claim 4, Wherein the object comprises 
at least a portion of a line or a bar. 

6. The method of claim 4, Wherein the object comprises 
a curve representing a relationship betWeen desired breath 
ing levels and time. 

7. The method of claim 4, Wherein the object comprises 
one or more portions, each of the one or more portions 
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associated With a portion of a gantry rotation, and each of the 
one or more portions having a length that represents a range 
of gantry angles at Which image data is to be obtained. 

8. The method of claim 1, further comprising informing 
the patient the relation betWeen the result of the activity 
being performed by the patient, and a second target result to 
be achieved by the activity. 

9. The method of claim 1, Wherein the ?rst target result 
varies in time, and the method further comprises informing 
the patient a relationship betWeen time and the ?rst target 
result. 

10. The method of claim 9, Wherein the informing the 
patient the relationship betWeen the time and the ?rst target 
result comprises displaying an object in a screen, and 
moving the object, the object associated With the ?rst target 
result. 

11. The method of claim 10, Wherein the moving the 
object is performed in synchroniZation With a movement of 
a medical device. 

12. The method of claim 11, Wherein the medical device 
comprises a radiation source. 

13. The method of claim 12, Wherein the object has a 
length representing a range of positions of the radiation 
source at Which image data is to be obtained using the 
radiation source. 

14. The method of claim 1, Wherein the informing com 
prises: 

displaying a ?rst object in a screen for representing a 
position of a portion of the patient; and 

displaying a second object in the screen, the second 
graphic representing a target position for the portion of 
the patient. 

15. The method of claim 14, Wherein the informing 
further comprises changing a position of the ?rst object in 
the screen in response to a movement of the portion of the 
patient. 

16. The method of claim 1, further comprising providing 
an audio signal When the ?rst target result is achieved by the 
activity. 

17. The method of claim 1, further comprising providing 
a visual signal When the ?rst target result is achieved by the 
activity. 

18. A computer program product that includes a medium, 
the medium comprises a set of instructions, an execution of 
Which causes a process to be performed, the process com 
prising: 

informing a patient a relationship betWeen a result of an 
activity being performed by the patient, and a ?rst 
target result to be achieved by the activity. 

19. A system for prompting a patient, comprising: 

means for informing a patient a relationship betWeen a 
result of an activity being performed by the patient, and 
a ?rst target result to be achieved by the activity. 

20. Auser interface for prompting a patient, comprising: 

a screen displaying graphics for informing a patient a 
relationship betWeen a result of an activity being per 
formed by the patient, and a ?rst target result to be 
achieved by the activity. 

21. A method of prompting a patient, comprising: 

informing a patient a relationship betWeen a time and a 
target result to be achieved by an activity. 
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22. The method of claim 21, wherein the informing 
comprises displaying an object in a screen, the object 
representing the target result. 

23. The method of claim 22, Wherein the informing 
further comprises moving the object Within the screen in 
synchronization With a movement of a medical device. 

24. The method of claim 23, Wherein the medical device 
comprises a radiation source. 

25. The method of claim 24, Wherein the object has a 
length representing a range of positions of the radiation 
source at Which image data is to be obtained using the 
radiation source. 

26. The method of claim 22, Wherein the object comprises 
one or more portions, each of the one or more portions 

associated With a portion of a gantry rotation, and each of the 
one or more portions having a length that represents a range 
of gantry angles at Which image data is to be obtained. 

27. The method of claim 22, Wherein the object comprises 
a curve representing a relationship betWeen desired breath 
ing levels and time. 

28. A computer program product that includes a medium, 
the medium comprises a set of instructions, an execution of 
Which causes a process to be performed, the process com 
prising: 

informing a patient a relationship betWeen a time and a 
target result to be achieved by an activity. 

29. A system for prompting a patient, comprising: 

means for informing a patient a relationship betWeen a 
time and a target result to be achieved by an activity. 

30. Auser interface for prompting a patient, comprising: 

a screen displaying graphics for informing a patient a 
relationship betWeen a time and a target result to be 
achieved by an activity. 

31. A method of prompting a patient, comprising: 

informing a patient a relationship betWeen a position of a 
portion of the patient and a ?rst target position for the 
portion. 

32. The method of claim 31, Wherein the ?rst target 
position is associated With an inhale level of a breathing or 
an exhale level of a breathing. 

33. The method of claim 31, Wherein the informing 
comprises: 

displaying a ?rst object that represents the position of the 
portion; and 

displaying a second object that represents the ?rst target 
position. 
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34. The method of claim 33, Wherein the informing 
further comprises moving the ?rst object relative to the 
second object in response to a movement of the portion of 
the patient. 

35. The method of claim 31, Wherein the portion com 
prises a body part that is moveable in association With a 
breathing of the patient. 

36. The method of claim 31, Wherein the target position 
varies in time, and the method further comprises informing 
the patient a relationship betWeen time and the target posi 
tion. 

37. The method of claim 36, Wherein the informing the 
patient the relationship betWeen the time and the target 
position comprises displaying an object in a screen, and 
moving the object in synchroniZation With a movement of a 
medical device. 

38. The method of claim 37, Wherein the medical device 
comprises a radiation source, and the object is moved in 
synchroniZation With a rotation of the radiation source. 

39. The method of claim 31, Wherein the informing the 
patient the relationship betWeen the time and the target 
position comprises displaying an object in a screen, the 
object having one or more portions, each of the one or more 
portions representing a portion of a gantry rotation during 
Which image data is to be collected. 

40. The method of claim 39, Wherein each of the one or 
more portions has a length representing a range of gantry 
angles at Which image data is to be collected. 

41. A computer program product that includes a medium, 
the medium comprises a set of instructions, an execution of 
Which causes a process to be performed, the process com 
prising: 

informing a patient a relationship betWeen a position of a 
portion of the patient and a ?rst target position for the 
portion. 

42. A system for prompting a patient, comprising: 

means for informing a patient a relationship betWeen a 
position of a portion of the patient and a ?rst target 
position for the portion. 

43. Auser interface for prompting a patient, comprising: 

a screen displaying graphics for informing a patient a 
relationship betWeen a position of a portion of the 
patient and a ?rst target position for the portion. 


